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Colossal electroresistance and current induced resistivity switching have been measured in the
ferromagnetic insulating �FMI� state of single crystal manganite La0.82Ca0.18MnO3. The sample has
a Curie transition temperature TC

Electronic transport in hole doped rare earth manganites
La1−xAxMnO3 �A�Ca,Sr,Ba,Pb; x�0.3� is an issue of con-
siderable interest.1 Colossal magnetoresistance �CMR� was
the main phenomena that made this class of materials a sub-
ject of intense investigation. In recent years another phenom-
ena is being investigated in these materials. This is the phe-
nomena of colossal electroresistance �CER� where an applied
electric field �as in a field effect �FE� configuration2� or an
applied current �as in a typical four-probe configuration3�
was found to change the resistivity ��� of the sample signifi-
cantly. Most investigations of CER report a decrease of
sample � with increasing sample current. In the FE geometry,
the change in � can be positive or negative depending on the
sign of induced carriers. Current induced resistance change
in manganites was first reported in the charge ordered �CO�
state that is exibited at certain levels of hole doping.4 Subse-
quently, investigations were extended on other carrier con-
centrations and even to the ferromagnetic metallic �FMM�
state �e.g., La1−xCaxMnO3, with x�0.3 �Ref. 5��. In addition
to being interesting as a basic physics question, CER has
important application potential. Though the phenomena of
CER have been around for a while there is no satisfactory
theory yet that can provide a quantitative understanding of
the phenomena. Generally, CMR and CER are thought to
have the same origin and apparent similarity of the effects
have been shown by many researchers.2,6 In recent years,
however, there is evidence that the apparent similarity is su-
perficial and that the two phenomena might be arising from
different origins.3,7 In this letter, we report a rather strong
evidence in favor of different origins of the two phenomena
in a composition range where the La1−xCaxMnO3 system is
in a ferromagnetic insulating �FMI� state. The experiments
were carried out on single crystal of La0.82Ca0.18MnO3 that
has a FMI phase below 100 K. We show that in this region

the magnetoresistance �MR� essentially collapses while the
electroresistance �ER� reaches a rather large value �100%.
In this phase the sample shows electric current induced
switching of the resistance state. The observation of a CER
phenomena in the absence of a CMR also distinguishes the
FMI state from a conventional CO state which can be desta-
bilized by both current and magnetic field.8

The studies were done on single crystals of composition
La0.82Ca0.18MnO3 �LCMO18� grown by the floating-zone
technique. Four linear gold contact pads were evaporated
onto the crystal and Cu leads were soldered onto the pads
using a Ag–Sn alloy. The experiments were carried out in
three ways: �1� by measuring resistance at fixed currents as a
function of temperature �T�, �2� by taking current-voltage
�I-V� characteristics at different fixed T, and �3� measure-
ment of the resistance in response to a two-level current
pulse train. While all three methods lead to very similar data,
the data reported here were mostly taken by the third method
of pulsed current. In this technique, the levels of the high and
low current values, the duration of each bias level, as well as
the number of pulses in the pulse train can be controlled.
This technique has the advantage that Joule heating effects
are minimal. Furthermore, we have also measured the actual
rise of sample temperature upon the application of steady
high current bias �Ihigh=10 mA� by mounting a temperature
sensor directly on the sample. The measured rise of sample
temperature ��Tsample� at the lowest base temperature �Tbase�
of 10 K is �5 K �inset, Fig. 1�.

In Fig. 1 we show the resistivity ��� of LCMO18 as a
function of T in the absence of magnetic field �H=0 T�. The
data were taken with current density j= jlow�9.5
�10−4 A/cm2 �corresponding to a sample current Ilow
=10 �A�. �At this value of j the � is independent of the
measuring current.� From the magnetization data �not
shown�, we find that the sample has a paramagnetic-
ferromagnetic transition at TC�165 K and a saturation mo-
ment of 3.6�B /Mn3+ at T=10 K. The � exhibits a peak at
Tp�171 K below which the sample enters a FMM phase.
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=165 K and the FMI state is realized for temperatures T
�100 K. The electroresistance �ER�, arising from a strong nonlinear resistivity, attains a large value
��100% � in the FMI state. However, this is accompanied by a collapse of the
magnetoresistance �MR� to a small value even in magnetic field �H� of 10 T. This demonstrates
that the mechanismsthat give rise to ER and MR are effectively decoupled.
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The � shows a small drop until T=120 K, and below that,
with onset of the FMI phase, it shows a rapid rise following
a variable range hopping relation.

In Fig. 1 we also show the � measured using a high bias
current Ihigh=10 mA �corresponding to a current density j
= jhigh�9.5�10−1 A/cm2�. It is clear that, in the FMI phase,
there is a strong suppression of the � and at the lowest tem-
perature ��Ihigh� /��Ilow��10−2. To test the possibility of
Joule heating being responsible for the above effect, we took
data using the pulse current technique by varying the duty
cycle. The results are independent of the duty cycle: for in-
stance, at T=50 K, by varying the high current “on” time
from 1 to 100 s, the measured � changed by �0.5%, ruling
out any significant sample heating, at least down to T
=50 K.

In Fig. 2 we show what is probably our most important
observation. Here, we plot the � measured at a low current
�Ilow=10 �A� in H=10 T along with the zero-field �H
=0 T� data. It is clear that there is substantial MR in the
temperature range of 100–250 K, attaining its highest value
of 80% at Tp�171 K just as in other CMR single crystalline
materials �e.g., La0.7Ca0.3MnO3 �Ref. 5��. Furthermore as

temperature decreases, the sample enters the FMI state at
TFMI=100 K and the MR becomes very small ��20% �. For
comparison we show the � measured at high current �Ihigh

=10 mA� to demonstrate that while the magnetic field has a
negligible effect, there is a substantial current induced de-
pression of �. Also plotted in Fig. 2 is the ER defined as
ER% =100� ���jlow�−��jhigh�� / jlow.

It can be seen that when the MR collapses in the FMI
phase �T�80 K� the ER picks up reaching a value of nearly
100% at the lowest temperature. Thus this experiment shows
that there is an effective decoupling of the mechanism of ER
and that of MR in the FMI phase. This is rather distinct from
previous results that used compositions in the FMM phase or
CO insulating phase. �Note: we have similar data in the FMI
state of other single crystal manganites. The data being very
similar are not reported here.� Our observation clearly distin-
guishes the FMI phase from the CO state. The former can be
destabilized, to a more conducting state, only by a current
while the latter can be destabilized by both current and mag-
netic field.

In Fig. 3 we show the dependence of � of the sample as
a function of j at few representative temperatures. In the
inset we show an example of the current induced switching
data. The switching of the resistance follows the switching of
the current with a small drag of �2 s. It is clear that these
�-j curves have two power law regions. Below a threshold
current jth, � has a shallow dependence on j and though the
conduction is nonlinear, �� jm1, with m1 close to 0. However,
we see a strong nonlinear regime for j	 jth and � decreases
strongly with increasing j. The � is fitted to the relation �
=
njmn, where the subscript n=1 for j� jth and n=2 for j
	 jth. The exponents m1 and m2 and the coefficients 
1 and

2 are plotted in Fig. 4 as a function of T. The systematic
development of the nonlinear effects and the strong current
dependence of the resistance �which gives the CER� in the
low T FMI phase can be seen. In fact, it is clear that when
the CER→100%, there is an enhancement of �m2� which
becomes as high as 0.55 signaling onset of strongly nonlin-
ear conduction. The near-linear component has its exponent
m1 close to zero until 80 K although it goes from being a

FIG. 1. �-T curves of LCMO18 at the high �jhigh� and low �jlow� current
density biases. Arrow indicates position of peak in � at T=Tp. Inset: mea-
sured rise of sample temperature ��Tsample� above base temperature �Tbase� as
a function of base temperature for current bias= jhigh.

FIG. 2. �-T curves obtained using low current density �jlow� in H=0 and
10 T, and the �-T curve taken with high current density �jhigh� in H=0 T.
ER as a function of temperature is shown. It may be noted that, for T
�100 K, while the ER→100%, the MR is negligible.

FIG. 3. �-j characteristics in three different regimes: FMM �T=157 K�,
FMM-FMI transition region �T=95 K�, and FMI �T=52 K�. The inset
shows a representative pulse data set in the FMI state �T=76 K�.
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small negative number above TFMI to a small positive num-
ber when the system just enters the FMI phase �signifying a
small negative ER as per our convention�. Below 80 K �m1�
increases somewhat. The above analysis shows that the CER
is related to the strong nonlinear component that appears
beyond the threshold current density jth. �Note: jth also has a
shallow T dependence above T=70 K and increases sharply
by nearly a factor of 3 below that.�

The nonlinear conduction and the CER seen in the CO
manganites is often related to the onset of a current induced
FM filament across the solid.9 In this case since the system is
already in FM state such an explanation is untenable. How-
ever, it is also true that the system is in a phase-separated
state when the FMI phase sets in at low T. Thus the phenom-

ena of CER can be linked to the change of the phase volume
fractions as the current is changed. This explanation also has
limitations in the FMI phase, in particular, when the CER at
low temperature severely increases. The strong nonlinear
conduction and the CER occur in the insulating phase, which
in this case is ferromagnetically ordered. We suggest that the
CER is a manifestation of the charge current enhancing the
transfer integral between the eg orbitals of the neighboring
atoms thereby enhancing the bandwidth and thus reducing
the gap in the density of states which in turn leads to a
decrease of the resistivity.10
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FIG. 4. Variation of power law fit parameters below and above the threshold
current �jth� as a function of temperature �T�. The sample � becomes
strongly nonlinear in the FMI phase.
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